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(57) A suspended articulated front axle (Pa) for ve- 
hicles (T2), in particular farm tractors (T2), wherein each 
axle shaft (S1 ', S2') has at least one portion (1 7a) whose 
longitudinal axis of symmetry (k) slopes by a sweepback 
angle (f) with respect to a line (f) perpendicular to the 



longitudinal axis of symmetry (s') of the vehicle (T2); the 
sweepback angle (f) being such that the outer end of the 
sloping portion (17a) is located further back than the in- 
ner end of the portion (17a) in the common forward 
traveling direction of the vehicle (T2). 
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Description 



[0001 ] The present invention relates to a suspended 
articulated powered front axle for vehicles, in particular 
tractors. 

[0002] In the following description, the axle is referred 
to as a "powered front axle" by being that by which the 
tractor is given motion. As will be seen, as opposed to 
being rigid, such an axle is articulated by means of a 
deformable system, and has suspension devices to 
which are transmitted part of the mass of the tractor and 
the internal and external stresses exchanged between 
the tractor and ground via the front wheels. 
[0003] In the farm tractor industry, solutions compris- 
ing an articulated powered axle, in turn comprising sus- 
pension devices, are known. 

[0004] In one particular known solution, to reduce the 
turning radius of the tractor, all other conditions being 
the same, the wheelbase, i.e. the distance between the 
front and rear axle, is reduced. 
[0005] A major drawback of reducing the wheelbase, 
while maintaining the conventional front axle structure 
with parallel axle shafts, however, lies in the front axle 
having to be hinged further back to the supporting struc- 
ture, so that it is located directly beneath the engine As 
a result, the engine shafting, and hence the drive train 
as a whole, must be raised, thus also raising the center 
of gravity, and impairing the stability, of the tractor; and 
all the stress from the powered axle is transmitted to the 
engine block and sump, as opposed to the front bearing 
designed to support the front axle. In this known solu- 
tion, the problem of raising the engine is further com- 
pounded by the differential casing also having to be lo- 
cated beneath the drive shaft. This type of steering sys- 
tem, which is already marketed, is described in more 
detail later on. 

[0006] In the present invention, on the other hand, the 
problem of shortening the wheelbase to reduce the turn- 
ing radius of the tractor is solved by a sweepback con- 
figuration of at least one portion of each axle shaft of the 
front axle; the term "sweepback" being intended to 
mean that the outer ends of the axle shafts are further 
back with respect to the inner ends in the common for- 
ward traveling direction of the tractor, so that the longi- 
tudinal axis of symmetry of each axle shaft forms an an- 
gle of other than zero with a line perpendicular to the 
longitudinal axis of symmetry of the tractor and through 
the axis of the front axle differential. 
[0007] It is therefore an object of the present invention 
to provide a suspended articulated powered front axle 
for vehicles, in particular tractors, designed to eliminate 
the aforementioned drawbacks. 
[0008] According to the present invention, there is 
provided a suspended articulated front axle, as defined 
in the alleged independent Claims. 
[0009] A number of non-limiting embodiments of the 
present invention will be described by way of example 
with reference to the accompanying drawings, in which- 
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Figure 1 a shows a known tractor front axle solution; 
Figure 1 b shows, schematically, a suspended artic- 
ulated powered front axle for tractors, said front axle 
being the main object of the present invention; 
Figure 1c shows the difference in position of the 
front wheels by reducing the wheelbase and provid- 
ing sweepback; 

Figure 2 shows a schematic exploded view of a por- 
tion of a first embodiment of the front axle according 
to the present invention; 

Figure 3 shows a partial side view of the axle shown 

schematically in Figures 1b, 1c and 2; 

Figure 4 shows a partial front view of the axle shown 

schematically in Figures 1b, 1c, 2 and 3; 

Figure 5 shows a partial plan view of the axle shown 

schematically in Figure 4; 

Figure 6 shows a view in perspective of a second 

embodiment of the present invention; 

Figure 7 shows a partial side view of the second 

embodiment in Figure 6; 

Figure 8 shows a partial front view of the second 
embodiment in Figure 6; 

Figure 9 shows a partial plan view of the second 
embodiment in Figure 6; 

Figure 10 shows the main elements of the second 
embodiment suspension mechanism; 
Figure 11a shows the way a wheel in the prior art 
(Figure 1a) turns; 

Figure 11b shows the way a wheel forming part of 
the innovative axle in Figures 1b-10 turns; 
Figure 12 shows how the front wheels of the inno- 
vative axle in Figures 1b-10 self-align in the event 
either loses traction. 



3 5 [0010] Figure 1a shows, schematically, a convention- 
al tractorTI , in which steering is effected by a front axle 
Pa, and the instantaneous turning center C1 of tractor 
T1 is located along an axis (a) of a rear axle Ap com- 
prising two non-direction wheels W1 , W2. More specif- 
40 ically, instantaneous turning center C1 is defined as the 
point at which the projection of rear axis (a) in the hori- 
zontal plane (sheet plane) intersects the projections, in 
the horizontal plane, of the two axes (a1 , a2) of the front 
wheels W3, W4 of front axle Pa. More specifically, axis 
45 (a1 ) is perpendicular to the centerline plane (r1 ) of wheel 
W3, and axis (a2) is perpendicular to the centerline 
plane (r2) of wheel W4, when wheels W3, W4 are in the 
maximum-turning position shown in Figure la. 
[0011] As shown in Figure 1a, in actual fact, front 
50 wheel W3 turns about an axis through a point P1 on the 
centerline within wheel W3, and wheel W4 about an axis 
through a point P2 on the centerline within wheel W4 
Wheels W3, W4 are turned by means of respective hy- 
draulic actuators (not shown in Figure 1a). 
5 $ [0012] The distance between the projections, in the 
horizontal plane (sheet plane), of the longitudinal axes 
of symmetry of the axle shafts of front wheels W3, W4 
connected to front axle Pa, and of the longitudinal axis 
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of symmetry of axle Ap of rear wheels W1 , W2 defines 
the wheelbase WB1 of the body of tractor T1 . 
[0013] As shown in Figure 1a, front wheels W3, W4 
have different turning angles. That is, axes (a1 , a2) per- 
pendicular to (r1 , r2) form an angle (a) which is the max- 5 
imum difference between the turning angles of wheels 
W3 and W4. In other words, the inside wheel W3 in the 
turn turns more than the outside wheel W4, which is 
known requirement for correct steering. 
[0014] In fact, if (P) is the turning angle of wheel W4 
(the "outside" wheel), (a+P) is the turning angle of wheel 
W3 (the "inside" wheel), so that axes (a1 , a2) of wheels 
W3, W4 both converge at center C1 located, as stated, 
along axis (a) of rear axle Ap. 

[0015] In conventional solutions, however, the maxi- 
mum turning angle (0=a+P) of the inside wheel W3 is 
limited by two major factors: 

the maximum angle permitted by the transmission 
joint (not shown in Figure 1a) between each wheel 
W3, W4 and respective axle shaft S1 , S2; in other 
words, the maximum turning angle is imposed by 
the transmission device, and is roughly 50-55°; 
possible interference between wheels W3, W4 and 
the body of tractor T1 at high turning angles; for this 
reason, in some known embodiments, the body of 
tractor T1 is shortened to give wheels W3, W4 more 
space to turn; in others, as stated, to reduce the 
turning radius, wheelbase WB1 is shortened by 
moving front axle Pa closer to rear axle Ap, with all 
the aforementioned drawbacks this entails, 

[001 6] Figure 1 b shows, schematically, the configura- 
tion of wheels W1 \ W2* of rear axle Ap', and wheels W3', 
W4' of front axle Pa' according to the present invention. 
[0017] According to the present invention, a sweep- 
back (f) provides for reducing the wheelbase from the 
WB1 value (Figure 1 a) to a reduced value WB2 (Figure 
1 b), thus improving the turning performance of the body 
of the tractor T2. 

[0018] In this context, "sweepback (f)" is intended to 
mean the angle formed by each axle shaft SV S2' with 
a line (f) perpendicular to the longitudinal axis of sym- 
metry (s') of the body of tractor T2. 
[0019] Consequently, for a given maximum turning 
angle (i.e. when wheel W3' in Figure 1b is set to a con- 
figuration parallel to that of wheel W3 in Figure 1 a), cent- 
er C1 goes to center C2, and the turning radius from R1 
to R2 (compare Figures 1a and 1b). 
[0020] Moreover, as a result of sweepback (f) of axle 
shafts 31 1 and S2', for a given maximum angle permitted 
by the end joint of each axle shaft 31', S2\ the inside 
wheel W3' can be turned by an angle equal to sweep- 
back angle (f) plus the maximum angle (e) permitted by 
the joint, so that the instantaneous turning center can 
be moved even closer to tractorT2, from C2 (Figure 1 b) 
to C2', as shown in Figure 1 c, thus further improving the 
turning performance of tractor T2. 



[0021] As stated, the solution according to the present 
invention enables front axle Pa to be connected to the 
body portions of tractor T2 designed for the purpose, as 
opposed to being connected further back beneath the 
engine, with all the drawbacks this entails. 
[0022] In the case of the present invention therefore 
(Figure 1c), whereas the inside wheel W3' can turn by 
a total maximum angle (G'+f), where & has a maximum 
value of 50-55° (equal to a'+P'), the outside wheel W4' 
can turn at most by an angle (G'-f), where 6' again has 
a maximum value of 50-55°. 

[0023] Though this solution would appear to penalize 
the outside wheel W4\ this,- as we have seen, must al- 
ways turn by a smaller angle than inside wheel W3\ 
[0024] However, since the difference between the 
turning angles (a 1 ) of wheels W3' and W4' is inversely 
proportional to the wheelbase of tractor T2, and since 
the maximum permissible sweepback (fmax) can be 
shown to equal half angle (a'), the turning angle of the 
outside wheel W4' will be further reduced with respect 
to that of inside wheel W3'. 

[0025] Therefore, when executing the sharpest turn, 
the inside wheel W3' turns at most by angle (G') t imposed 
by the transmission device, plus sweepback angle (f), 
while the outside wheel W4' turns at most by angle (6*) 
minus sweepback angle (f), thus still meeting the con- 
ditions required for correct steering. 
[0026] In other words, sweepback (f) reduces the 
turning radius of tractor T2 twofold, i.e.: 

a first reduction by reducing the wheelbase (from 
WB1 in Figure 1a to WB2 in Figure 1b) so that the 
turning radius goes from R1 in Figure 1a to R2 in 
Figure 1b; and 

a second reduction of the turning radius from R2 
(Figure 1b to R2\ as shown in Figure 1c; this being 
made possible by increasing the turning angle of in- 
side wheel W3' from (9 1 ) (Figure 1 b) to (G'+f). where 
f may assume a maximum value of ct72. 

[0027] Turning by an increased angle (G'+f) greater 
than (0'), however, inside wheel W3' may interfere with 
the body of tractor T2. 

[0028] The geometry of the suspensions of axle 
shafts S1\ S2' must therefore be designed to prevent 
wheels W3' and W4', when turning, from coming so 
close to the body of tractor T2 in the potential interfer- 
ence area. 

[0029] Exactly how this can be done by appropriately 
selecting the turning axis of each front wheel W3', W4' 
is described below. 

[0030] Figures 2-5 show a first embodiment of the 
present invention illustrating in detail the component 
parts of the system connecting wheel W3' to the body 
of tractor T2. 

[0031] As stated with reference to Figures 1 b and 1 c, 
front axle Pa comprises two axle shafts S1 and S2 1 (only 
axle shaft S1' of wheel W3' is shown in Figures 2-5). 
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0032] Axle shaft SI ' is associated with a box body 1 0 
(Figure 4) integral with the body of tractor T2, and to 
which is attached a suspension 1 1 comprising a bottom 
arm 11a and a top arm 11b. 

[0033] Bottom arm 1 1 a and top arm 1 1 b are hinged to 
box body 1 0 by pins 1 2 and pins 1 3 respectively (Figure 

[0034] A hydraulic cylinder 14 is preferably, though 
not necessarily, hinged to bottom arm 11a to act as a 
shock-absorber or, more generally, to vary the stiffness 
of suspension 11. More specif ically, hydraulic cylinder 
14 is hinged to the body of tractor T2 by a pin 15 (Figure 
4) and to bottom arm 1 1 a by an articulated joint 1 6 and 
is connected to a hydraulic circuit (not shown) in the 
body of tractor T2. 

[0035] Axle shaft SI' extends between arms 11a and 
11b, and comprises a device having two universal joints 
G1 , G2 and for transmitting motion from the differential 
casing (not shown), housed in box body 10 to wheel 
W3' (see below). More specifically, axle shaft 81' com- 
prises an intermediate shaft 17a with universal joints 
G1, G2 on the ends (Figure 4); an outer shaft 17b ex- 
tending from universal joint G2 to transmit motion to 
wheel W3' (see below); and an inner shaft 1 7c. 
[0036] Box body 1 0 advantageously, though not nec- 
essarily, houses a device (not shown) for braking front 
wheels W3', W4\ 

[0037] As shown in detail in Figures 2, 3 and 5 in this 
embodiment, arms 11a, 11b are advantageously each 
m the form of a double fork, and support a substantially 
cup-shaped articulated support 18 to which the ends of 
arms 1 1 a, 1 1 b are hinged by pins 1 9a, 1 9b and pins 20a 
20b respectively. 

[0038] Articulated support 18 is shaped to house a 
hub earner 21 , in turn supporting a hub 25 (Figures 2 4 
and 5) of wheel W3' by means described in detail later 
on. 

[0039] Hub carrier 21 is supported inside the cup- 
shaped articulated support 18 by means of two hinges 
22, 23, each defined by the union of two substantially 
ogival male-female members (Figure 3). More specifi- 
cally, the male member 22a, 23a of each hinge 22 23 
is housed partly inside a through seat 22b, 23b formed 
in the body of articulated support 1 8, and is fixed to the 
body of articulated support 18 by a threaded nut 22c 
23c screwed to a threaded shank 22d, 23d (Figure 3) ' 
[0040] Hub carrier 21 in turn comprises two ogival fe- 
male cavities 22e, 23e for receiving respective ogival 
portions of male members 22a, 23a of hinges 22 23 
[0041] Hub carrier 21 is normally cast, and, as shown 
m Figure 4, comprises, in the portion facing wheel W3' 
a through hole 21 a for the passage of outer shaft 1 7b of 
axle shaft 81 \ which, as stated, transmits motion to 
wheel W3'. 

[0042] For this purpose, outer shaft 1 7b is connected 
(by known means) to hub 25, which is fitted with a disk 
26a of wheel W3'. 

[0043] A portion of outer shaft 1 7b extends inside hub 



25, which may house the component parts of a reducer 
RED. 

[0044] As shown in more detail in Figure 5 interme- 
diate shaft 1 7a of axle shaft S1 ■ has a longitudinal axis 
of symmetry (k) sloping by sweepback angle (f) with re- 
spectto the line (f) perpendicular to the longitudinal axis 
of symmetry (s') of the body of tractor T2 
[0045] Figures 2, 3, 5 also show a hydraulic actuator 
30, the rod 31 of which is connected by an articulated 
'° joint N to an arm 32 (Figure 2) integral with hub carrier 
21 . The movement of rod 31 is variable in sign and mag- 
nitude, and rotates hub carrier 21, and therefore turns 
wheel W3', as controlled by the user operating a steer- 
ing device (not shown). 

" AS Sh ° Wn in more detail in Fl '9 ure 3, the axis 

t ) of hinges 22, 23 slopes by a so-called caster angle 
(8) w.th respectto a line (v1) perpendicularto the ground 

Can. 

20 \, ? y VirtUe ° f ° aSter an 9 |e W • the »ortom of 
Z L Wh6n tUming ' is c,oser than the top of wheel 
W3 to the body of tractor T2. As is known, however the 
bottom of the body of tractor T2 is clear and therefore a 
preferential non-interference area between wheel W3' 
and the body of tractor T2. 
25 [0048] Caster angle (8) also provides for improving 
Z IT* S0 " Ca,led " swin 9back», i.e. causes wheels 
W3 , W4 to swing back "naturally" to the straight position 
when the driver releases the steering wheel at the end 
of the turn. 

3 ° [0049] In fact, if F1 (Figures 3, 4, 5) is the transverse 
horizontal component of the force exerted by ground GR 
or , wheel W3'atpointH1, force F1 possesses a moment 

with respecttocaster axis (tl)Since, when turning, force 
F1 faces inwards of the turning circle, a moment is gen- 
35 erated which tends to straighten wheel W3', thus pro- 
ducing a self-aligning effect on wheel W3', as required 
for approval of the steering system. 
[0050] The same also applies to wheel W4" 
[0051] Caster angle (8) is also associated, in inventive 
m«™ Wi,h 3 pronounced ki "9Pin angle (e) (Figure 4) 
[0052] As shown in Figure 4, kingpin angle (e) can be 
defined as the angle between the projection of axis (t1 ) 
m a vertical plane (the sheet plane) through the axis of 
whee W3', and a line (v2) lying in said plane (sheet 
45 plane) and perpendicular to ground GR. 

[0053] More specifically, line (v2) may be selected to 
intersect the point H2 at which said projection of axis 
(tl) in the sheet plane intersects ground GR 
[0054] Point H1 may also be defined as the point at 
which the centerline (m) of wheel W3' intersects ground 
GR. In this context, segment H1 H2 is referred to as the 
ground arm" of the steering system. 
[0055] The value of ground arm H1 H2 is determined- 



55 . 



by kingpin angle (e); 

by the offset OFF of disk 26a, i.e. the distance be- 
tween the plane n1 in which disk 26a rests on a rim 
26b, and the plane n2 in which disk 26a rests on 
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hub 25; in this case, offset OFF is also defined as 
the distance between plane n1 and the outermost 
part of rim 26b; 

by the camber (u.), i.e. the angle formed by the in- 
tersection of centerline (m) with a line perpendicular 
to ground GR, in particular line (v2); and 
by the general configuration of the hub carrier 
21/hub 25 system (Figure 4). 

[0056] As will be seen, to achieve the desired effects, 
in addition to self-alignment of wheels W3\ W4\ ground 
arm H1H2 must have a negative value, i.e. point H2 
must be located outwards of point H 1 with respect to the 
body of tractor T2. 

[0057] Obviously, the further point H2 is from point H1 , 
the greater kingpin angle (e), offset OFF and camber (u.) 
will be. 

[0058] Figures 6-10 show a second embodiment of 
the present invention, in which the suspension is a 
McPherson type employing an arm connected to a bot- 
tom oscillating triangle. 

[0059] The overall concept described with reference 
to Figures 1a-1c also applies to this embodiment. 
[0060] Axle shaft S1 ' is associated with a box body 1 0 
(Figure 8) integral with the body of tractor T2, and to 
which is attached a suspension 11 comprising a bottom 
arm 1 1 a and a telescopic top arm 1 1 b. 
[0061] Bottom arm 11a is hinged to box body 10 by 
pins 12 (Figure 8), and telescopic top arm 11b is con- 
nected to box body 10 by a pin 13 (Figure 8). 
[0062] Telescopic top arm 1 1 b comprises a telescopic 
hydraulic cylinder 1 4 which acts as a shock-absorber or, 
more generally, provides for varying the stiffness of sus- 
pension 11. More specifically, telescopic hydraulic cyl- 
inder 1 4 is connected by end pin 1 3 to the body of tractor 
T2 (Figure 8), is connected to the articulated support 1 8 
by a strong bracket, and is connected to a hydraulic cir- 
cuit (not shown) in the body of tractor T2. 
[0063] Axle shaft S1 ' extends between arms 1 1 a and 
11b, and comprises a device having two transmission 
joints G1, G2 and for transmitting motion from the dif- 
ferential casing (not shown), housed in box body 10, to 
wheel W3' (see below). More specifically, axle shaft S1 
comprises an intermediate shaft 1 7a with joints G1 , G2 
on the ends (Figure 8); an outer shaft 17b extending 
from joint G2 to transmit motion to wheel W3* (see be- 
low); and an inner shaft 17c. 

[0064] Box body 1 0 advantageously, though not nec- 
essarily, houses a device (not shown) for braking front 
wheels W3\ W4\ 

[0065] As shown in detail in Figures 6 and 7, arm 1 1 a 
is advantageously triangular, and arm 11b comprises a 
cylindrical connecting bracket between cylinder 14 and 
hub carrier 1 9. Arms 1 1 a and 1 1 b therefore support the 
articulated support 18, which is substantially cup- 
shaped and has a bottom attachment .for connection to 
arm 1 1 a by means of an articulated head 22, and a top 
attachment for connection to cylinder 1 4 by means of a 



fixed bracket 24. 

[0066] Pin 13 is connected to a support, forming part 
of box body 10, by an articulated joint 23. 
[0067] Articulated support 18 is designed to support 
5 hub 25 of wheel W3* by means described in detail later 
on. 

[0068] Articulated support 18 (Figure 10) therefore 
forms part of an articulated system defined by bottom 
arm 1 1 a hinged on one side to box body 1 0 by pins 1 2, 
and connected on the other side by articulated head 22 
to articulated support 18, in turn bracketed to cylinder 
1 4. End pin 1 3 of cylinder 1 4 is connected by articulated 
joint 23 to box body 1 0 of tractor T2. 
[0069] Suspension 11 (Figure 8) therefore allows 
wheel W3' to turn - by articulated support 18 rotating 
about axis (t1) (Figure 8) - and also to shake vertically 
by virtue of the characteristic of telescopic cylinder 1 4. 
[0070] Articulated support 1 8 is normally cast, and, as 
shown in Figure 10, comprises, in the portion facing 
wheel W3\ a through hole 18a for the passage of outer 
shaft 17b of axle shaft S1' which, as stated, transmits 
motion to wheel W3\ 

[0071] Forthis purpose, outer shaft 17b is connected 
(by known means) to a hub 25, which is fitted with a disk 
26a of wheel W3' (Figure 8). 

[0072] A portion of outer shaft 1 7b extends inside hub 
25, which may house the component parts of a reducer 
RED. 

[0073] As shown in more detail in Figure 9, interme- 
diate shaft 1 7a of axle shaft SV has a longitudinal axis 
of symmetry (k) sloping by sweepback angle (f) with re- 
spect to the line (f) perpendicular to the longitudinal axis 
of symmetry (s*) of the body of tractor T2. 
[0074] Figures 6, 7, 9 also show a hydraulic actuator 
30, the rod 31 of which is connected by an articulated 
joint N to an arm 32 integral with articulated support 18. 
The movement of rod 31 is variable in sign and magni- 
tude, and rotates articulated support 18, and therefore 
turns wheel W3', as controlled by the user operating a 
steering device (not shown). 

[0075] As shown in more detail in Figure 7, the axis 
(t1) of articulated joints 22, 23 slopes by a so-called 
caster angle (5) with respect to a line (v1) perpendicular 
to the ground GR. 

[0076] By virtue of caster angle (5), the bottom of 
wheel W3', when turning, is closer than the top of wheel 
W3* to the body of tractor T2. As is known, however, the 
bottom of the body of tractor T2 is clear and therefore a 
preferential non-interference area between wheel W3' 
and the body of tractor T2. 

[0077] Caster angle (5) also provides for improving 
turning and so-called "swingback", i.e. causes wheels 
W3' , W4' to swing back "naturally" to the straight position 
when the driver releases the steering wheel at the end 
of the turn. 

[0078] In fact, if F1 (Figures 7, 9) is the transverse hor- 
izontal component of the force exerted by ground GR 
on wheel W3' at point H1 , force F1 possesses a moment 
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with respect to caster axis (t1). Since, when turning 
force F1 , for wheel W3' (Figure 1 b), faces inwards of the 
turning circle, a moment is generated which tends to 
straighten wheel W3\ thus producing a self-aligning ef- 
fect on wheel W3', as required for approval of the steer- 
ing system. 

[0079] The same also applies to wheel W4' 
[0080] Caster angle (5) is also associated, in inventive 
manner, with a pronounced kingpin (e) (Figure 8) 
[0081] As regards the kingpin angle (e), reference 
may be made to what has already been stated relative 
to the first embodiment in Figures 2-6. 
[0082] As shown in Figure 8, kingpin angle (e) can be 
defined as the angle between the projection of axis (t1 ) 
in a vertical plane (sheet plane) through the axis of 
wheel W3', and a line (v2) lying In said (Figure 8) plane 
and perpendicular to ground GR. 
[0083] More specifically, line (v2) may be selected to 
intersect the point H2 at which said projection of axis 
(t1) in the sheet plane intersects ground GR 
[0084] Point H1 may also be defined as the point at 
which the centerfine (m) of wheel W3* intersects ground 
GR. In this context, segment H1 H2 is referred to as the 
ground arm" of the steering system. 
[0085] The value of ground arm H1 H2 is determined: 



■ by kingpin angle (e); 

- by the offset OFF of disk 26a, i.e. the distance be- 
tween the plane jc1 in which disk 26a rests on a rim 
26b, and the outermost part of rim 26b; 

- by the camber (n), i.e. the angle formed by the in- 
tersection of centerline (m) with a line perpendicular 
to ground GR, in particular line (v2); and 

- by the general configuration of the hub carrier 
21/hub 25 system (Figure 8). 

[0086] As will be seen, to achieve the desired effects 
in addition to self-alignment of wheels W3', W4\ ground 
arm H1H2 must have a negative value, i.e. point H2 
must be located outwards of point H 1 with respect to the 
body of tractor T2. 

[0087] Obviously, the further point H2 is from point H1 
the greater kingpin angle (e), offset OFF and camber (u) 
will be. w 

[0088] Therefore, by combining the effect described 
of caster angle (5) and the effect of a pronounced neg- 
ative ground arm H1H2, the vertical of the center of 
wheel W3' moves away from the body of tractor T2 when 
turning, so that wheel W3' does not come so close to 
the body of tractor T2 as in conventional configurations. 
[0089] In fact, as shown in Figure 1 1 a, a known wheel 
W3 turns about a point HO lying in the centerline plane 
of the wheel, so that, when turned about point HO by 
the steering actuator (not shown in Figure 11a) wheel 
W3 would collide with the body of tractor T1 at point A 
Conversely, with a negative ground arm H1H2 wheel 
W3' turns about point H2 outside the centerline plane of 
wheel W3' into the configuration shown in Figure 11b 



in which the point on wheel W3 1 closest to the body of 
tractor T2 is point B. As can be seen, adopting a nega- 
tive ground arm H1H2, the point on wheel W3' closest 
to the body of tractor T2 is separated from the body of 
5 tractor T2 by a given distance A, i.e. wheel W3' does not 
come so close to the body of tractor T2 when executinq 
the tightest turn. 

[0090] Distance A also provides for fully exploiting the 
turning angle obtained by adding the maximum angle 
(6 ) permitted by the joint and sweepback angle (f) thus 
drastically reducing the risk of interference between 
wheel W3' and the body of tractor T2. 
[0091] Another collateral effect of negative ground 
arm H1H2 is a further self-aligning phenomenon de- 
15 scribed with reference to Figure 12. 

[0092] Figure 12 shows a schematic plan view of front 
axle Pa with a negative ground arm. Points E' and H' 
indicate the points at which respective wheels W3' and 
W4' contact ground GR; points E and H are the virtual 
turning points (intersections of respective axes (f) with 
ground GR) of wheels W3' and W4'; segments E'E and 
H H are therefore the ground arms of respective wheels 

and W4 • and F G indicate the articulation points 
of the steering rod TS. 

H [0093] Let us suppose the front differential lock is en- 
gaged, as is normal for a tractor in heavy towing condi- 
tions. 

[0094] Points H', E' of wheels W4\ W3' are subjected 

,„ 6 f ° rC6S R ' F3 ' exchaf1 9*J between wheels W4" 
30 W3' and ground GR. 

[0095] When the traction of both wheels W3', W4' on 
ground GR is the same, the clockwise moment M1 of 
force F4' and the anticlockwise moment M2 of force F3' 
are identical in absolute value and opposite in sign and 
35 produce on steering rod TS a balanced compressive 
stress by virtue of its moments being equal in absolute 
value, so that no type of stress is produced on the steer- 
ing gear (not shown) connected mechanically to steer- 
ing rod TS. 

[0096] Now let us suppose wheel W3' loses traction 
with respect to wheel W4'. A loss of traction by wheel 
W3' means a reduction in moment M2 because for a 
given ground arm EE', the value of force F3' has de- 
creased. Moment M1 generated by wheel W4' therefore 
becomes predominant, so that tractor T2 tends to turn 
nght, i.e. the reaction of steering rod TS to the unbalance 
between moments M1 , M2 is a tendency to turn right 
[0097] At tractor level, however, the loss of traction by 
wheel W3' is converted into a tendency of the tractor to 
turn left on account of the predominant forces on the 
right side. In a force configuration in which the right side 
pulls harder than the left (which has lost traction) the 
tractor would tend at this point to turn left, since the re- 
sisting force applied to the tractor is assumed along the 
« centerline. The tractor would therefore turn left but the 
steering device and, therefore, the driver sense a feed- 
back signal inducing a right turn of the steering device 
comprising steering rod TS and all the members con- 
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nected to it up to the steering wheel (not shown). 
[0098] If the driver, therefore, were to release the 
steering wheel upon the above loss of traction, the trac- 
torwould automatically turn right simultaneously with its 
tendency to advance leftward. The driver, who in actual 
fact keeps hold of the steering wheel, is therefore in- 
duced in real time to effect a steering correction to coun- 
teract in advance the effects of the unbalance in the ex- 
ternal force configuration. 

[0099] By virtue of negative ground arms EE', HH 1 , the 
tractor transmits to the driver a real-time signal indicat- 
ing a forthcoming loss in directional stability, which can 
be counteracted directly by the driver simply responding 
to the incoming signal on the steering wheel, or is cor- 
rected automatically by the system if the driver should 
release the steering wheel. 

[0100] In other words, if wheel W3' loses traction, the 
tractor would tend to turn left through lack of pull on the 
left and a predominant pull on the right, but the steering 
system automatically turns right, so that either the driver 
senses a reaction on the steering wheel inducing a right 
turn, or, even if the steering wheel is released, the tractor 
turns itself automatically to maintain direction. 
[0101] The advantages of the suspended articulated 
axle for vehicles, in particular farm tractors, according 
to the present invention are as follows: 

(a) reduction in the turning radius of the tractor by: 

increasing the turning angle of the inside wheel 
beyond the limit imposed by the universal joint; 
reducing the wheelbase of the tractor while pre- 
serving a convenient structure in which the front 
axle is secured to the structure in front of, as 
opposed to beneath, the engine; 

(b) increasing the distance between the wheel and 
tractor body when turning, to prevent interference 
when executing tight turns; 

(c) self-alignment in the event of a loss of traction 
with the front differential lock engaged; 

(d) in the second embodiment (McPherson suspen- 
sion), the possibility of implementing reliable, low- 
cost solutions as demanded by medium-small 
range tractors. 



Claims 

1 . A suspended articulated front axle (Pa) for vehicles 
(T2), in particular farm tractors (T2), comprising a 
central body and two axle shafts (S1 ' S2') extending 
laterally with respect to said central body; each axle 
shaft (S1\ S2') being associated with a respective 
front wheel (W3\ W4 1 ); 

the suspended articulated front axle (Pa) be- 
ing characterized in that each axle shaft (S1 1 S2') 
comprises at least one portion (1 7a) whose longitu- 



dinal axis of symmetry (k) slopes by a sweepback 
angle (f) with respect to a line (V) perpendicular to 
a longitudinal axis of symmetry (s 1 ) of the vehicle 
(T2); said sweepback angle (f) being such that the 
5 outer end of the sloping said portion (1 7a) is located 
further back than the inner end of said portion (1 7a) 
in the common forward traveling direction of the ve- 
hicle (T2). 

10 2. A suspended articulated front axle (Pa) for vehicles 
(T2), as claimed in Claim 1 , characterized in that 
said sweepback angle (f) produces a twofold reduc- 
tion in turning radius: 

15 - a first reduction by reducing the wheelbase 
from a value (WB1) to a value (WB2), so that 
the turning radius goes from a value (R1) to a 
value (R2); and 

a second reduction whereby the turning radius 
20 goes from value (R2) to a lower value (R2'); 

so that the turning angle of the inside 
wheel (W3') in the turn goes from a value (6') 
to a value (G'+f). 

25 3. A suspended articulated front axle (Pa) for vehicles 
(T2), as claimed in Claim 2, characterized In that 
said sweepback angle (f) assumes a maximum val- 
ue of (a'/2). 

30 4. a suspended articulated front axle (Pa) for vehicles 
(T2), as claimed in any one of the foregoing Claims, 
characterized In that said portion (1 7a) sloping by 
a sweepback angle (f) comprises an intermediate 
shaft (17a) of said axle shaft (S1 '/ S2'). 

35 

5. A suspended articulated front axle (Pa) for vehicles 
(T2), as claimed in Claim 4, characterized in that 
said intermediate shaft (17a) is connected at one 
end to an inner shaft (17c) by a first joint (G1), and 

40 at the other end to an outer shaft (1 7b) by a second 
joint (G2). 

6. A suspended articulated front axle (Pa) for vehicles 
(T2), as claimed in Claim 5, characterized in that 

45 said joints (G1 , G2) are universal joints. 

7. A suspended articulated front axle (Pa) for vehicles 
(T2), as claimed in any one of the foregoing Claims, 
characterized in that each axle shaft (S1\ S2 1 ) is 

50 associated with a suspension (11) comprising a bot- 
tom arm (11a) and a top arm (11b), both of which 
are advantageously in the form of a double fork and 
support a respective cup-shaped articulated sup- 
port (18). 

55 

8. A suspended articulated front axle (Pa) for vehicles 
(T2), as claimed in Claim 7, characterized in that 
said articulated support (1 8) is designed to house a 
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hub carrier (21) in turn supporting a hub (25). 

9. A suspended articulated front axle (Pa) for vehicles 
(T2), as claimed in Claim 8, characterized in that 
the bottom arm (1 1 a) is hinged to a hydraulic cylin- 5 
der (14) for varying the stiffness of the suspension 
(11) as a whole. 

10. A suspended articulated front axle (Pa) for vehicles 
(T2), as claimed in any one of Claims 1 to 6, char- 10 
acterized in that each said axie shaft (S1\ S2') is 
associated with a suspension (11) comprising a bot- 
tom arm (11a) and a telescopic top arm (11b). 

1 1 . A suspended articulated front axle (Pa) for vehicles 15 
(T2), as claimed in Claim 10, characterized by 
comprising a McPherson suspension. 



12. A suspended articulated front axle (Pa) for vehicles 
(T2), as claimed in any one of the foregoing Claims, 
characterized by comprising a central body and 
two axle shafts (S1 ' S2') extending laterally with re- 
spect to said central body; each axle shaft (S1 ' S2') 
being associated with a respective front wheel fW3' 
W4'); v ' 

suspended articulated front axle (Pa) where- 
in: 



15. 



ative ground arm (EE 1 , HhT) so that, in the event of 
either of the front wheel 

s (W3\ W4') losing traction, a correction is made on 
the steering wheel to counteract the change in di- 
rection produced by the loss in traction. 

A suspended articulated front axle (Pa) for vehicles 
(T2), as claimed in Claim 1 4, characterized in that 
the loss in traction is converted into a signal on the 
steering wheel, such as to induce manual user cor- 
rection of the direction of the vehicle (T2). 



1 6. A suspended articulated front axle (Pa) for vehicles 
(T2), as claimed in Claim 14, characterized in that 
the loss in traction is converted into a signal on the 
steering wheel, such as to induce automatic correc- 
tion of the direction of the vehicle (T2). 



20 



25 



13. 



14. 



- the kingpin angle value (e), 

the offset value (OFF), 

the camber value (u.), and 
■ the general configuration of the hub carrier/hub 

system (21, 25), 

with respect to each axle shaft (SV S2') 

are such as to give a respective negative 

ground arm (H1H2). 

A suspended articulated front axle (Pa) for vehicles 
(T2), in particular farm tractors (T2), comprising a 
central body and two axle shafts (S1 ' S2') extending 
laterally with respect to said central body; each axle 
shaft (S1 1 S2 1 ) being associated with a respective 
front wheel (W3', W4'); 

the suspended articulated front axle (Pa) be- 
ing characterized in that: 

- the kingpin angle value (e), 

- the offset value (OFF), 
the camber value (ft), and 

■ the general configuration of the hub carrier/hub 
system (21, 25), 

with respect to each axle shaft (S1' S2') 
are such as to give a respective negative 
ground arm (H1H2). 

A suspended articulated front axle (Pa) for vehicles 
(T2), as claimed in Claim 1 3, characterized in that 

each front wheel (W3\ W4') has a respective neg- 
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